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© A load lock interface (32) for a semiconductor 
wafer process chamber includes a platform (31) 
adapted to receive and engage with a carrier (20) 
containing a cassette (23) of semiconductor wafers 
(24); and a removable bell-shaped enclosure (12) 
adapted to surround and seal said carrier (20) from 
the ambient environment while the carrier (20) is 
engaged with the load lock interface platform (31). 
Once engaged with the carrier (20), the platform (31) 
is operable to withdraw the cassette (23) of wafers 
(24) from the carrier (20) and position the cassette 
(23) within a load lock (30). Thereafter, the cassette 
(23) may be indexed and individual wafers (24) may 
be removed from the cassette (23) for processing 
within the process chamber. 
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BACKGROUND OF THE INVENTION 

TECHNICAL FIELD 

The present invention relates to the handling 5 
and processing of semiconductor wafers. More par- 
ticularly, the present invention relates to loading 
and unloading a cassette of wafers in a wafer 
processing chamber. 

70 

DESCRIPTION OF THE PRIOR ART 

^Semiconductor wafer handling and processing 
have always required extreme care to avoid con- 
tamination due to ambient and process borne par- 75 
tides. Such contamination lowers process yields, 
thus making the manufacture of integrated circuits 
more expensive and time consuming. Thus, as 
device features of less than 0.5 urn become prev- 
alent, a clean room environment of less than class 20 
1, i.e. an environment having less than one con- 
taminant particle of dimension less than or equal to 
0.5 urn per 0.3m 3 (ft 3 ) of clean room volume, is 
generally required. 

At the present level of integration, semiconduc- 25 
tor processes are critically sensitive to any. con- 
tamination. Accordingly, one goal of semiconductor 
manufacturers is to avoid as much as possible 
exposing semiconductor wafers to sources of con- 
tamination. Class 1 conditions require that pro- 30 
cessed or partially processed wafers must be 
bagged when transported to subsequent process- 
ing facilities or to outside analysis or other sys- 
tems. Industry practice is to place semiconductor 
wafers in spaced stacks, referred to as cassettes, 35 
and to place these cassettes into various types of 
microenvironments, such as sealed containers, for 
example in the standard mechanical interface 
(SMIF) box of the type manufactured by Asyst 
Technologies, Inc. of Mijpitas, California. Such 40 
SMIF-type boxes provide a sealed environment in 
which the cassette is readily transported under 
conditions that tend to minimize the potential for 
wafer contamination. The interior of the SMIF-type 
box is typically sealed by placing a removable 45 
base or lid on the box to form an integrated, airtight 
assembly. Withdrawal of the cassette from the 
SMIF-type box for wafer loading/unloading is ac- 
complished by several different methods, for exam- 
ple a pressure differential may be provided at the 50 
base of the SMIF-type box, such that the base and 
cassette of wafers is pulled from the SMIF-type 
box, or the base of the SMIF-type box may be 
mechanically engaged with a platform and/or sup- 
port, etc. In this way, wafer exposure to the am- 55 
bient environment is reduced during wafer han- 
dling, thus limiting the possibility that particles can 
fall onto and contaminate the wafers. See, for ex- 



ample Bonora et at (U.S. Patent No. 4,995,430) 
and Mortensen et al (U.S. Patent Nos. 4,709,834 
and 4,582,219). 

Another opportunity for wafer contamination oc- 
curs when the wafers are loaded to and unloaded 
from processing chambers during the manufacture 
of integrated circuits. During such operation, resid- 
ual particles are stirred and circulated as the pro- 
cessing chamber is pumped and/or vented to es- 
tablish operating pressures or to restore loading 
pressures. The arrangement of the interface be- 
tween the processing chamber and the wafer car- 
rier, i.e. the load lock, is critical to maintaining a 
clean environment within the processing chamber 
because the load lock is one point at which par- 
ticles frequently have the opportunity to enter the 
process chamber. 

Examples of a prior art wafer transfer mecha- 
nisms include Iwasawa et al (U.S. Patent No. 
4,826,360), in which a transfer vehicle carrying a 
wafer pod is shuttled through a transfer tube by 
application of a negative pressure within the tube; 
Bonora et al (U.S. Patent No. 4,995,430) which is 
discussed above; Davis et al (U.S. Patent No. 
5,044,871) in which a nonstandard bell-shaped car- 
rier is maintained under vacuum for wafer trans- 
port; Crabb et al (U.S. Patent No. 5,092,728) in 
which wafers are loaded into a receiving chamber 
to permit purging; Cruz et al (U.S. Patent No. 
5,112,277) in which wafers are loaded into a purg- 
ing chamber; Wagner et al (U.S. Patent No. 
4,990,047) in which multiple wafers are handled 
within a process chamber; Matsushita et al (U.S. 
Patent No. 5,058,526) in which a CVD apparatus 
includes an internal wafer and cassette transfer 
mechanism; Tullis et al (U.S. Patent Nos. 
4,532,970; 4,534,389; and 4,705,444) in which an 
atmospheric wafer carrier is docked to a load lock 
in a process chamber. 

In Davis the wafers are carried upside down, 
which requires that the wafers be processed using 
unconventional techniques. Both Bonora and Davis 
place a sealed wafer container in a first chamber 
which encloses the container. Once the first cham- 
ber is sealed and evacuated, the wafer container is 
opened and the wafer cassette contained therein is 
transferred to a second chamber. Each wafer is 
then transferred from the second chamber to a 
process chamber where the wafer is processed. 
The wafer is then returned to the wafer cassette 
and the next wafer is selected and processed, and 
so on until every wafer in the cassette has been 
processed. 

Crabb and Cruz both require a purge step 
before wafer transfer can occur. While purging may 
evacuate particles from the process environment 
before wafer loading, purging also stirs up residual 
particles such that those particles not evacuated 
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during purging are likely to settle on the surface of 
the wafers within the processing chamber. 

Thus, the state of the art is such that wafers 
contained within a wafer carrier must be loaded to 
or unloaded from a process chamber by an inter- 
mediate chamber into which the wafers cassette is 
first placed and which is then purged prior to wafer 
loading. Each step associated with interfacing the 
carrier to the process chamber takes time, subjects 
the wafers to excessive handling, and provides 
opportunities for wafer contamination. A system for 
directly loading wafers to a process chamber would 
improve process throughput, increase device yield 
per wafer, and thereby reduce manufacturing cost. 

SUMMARY OF THE INVENTION 

The invention is defined in independent claims 
1, 7, 13, 19, 21 and 24, respectively. Particular 
embodiments are set out in the dependent claims. 

In particular, the invention provides a system 
for loading wafers situated within a carrier to and 
from a process environment. The carrier is at- 
tached to a load lock that has a platform arranged 
for complementary engagement with a carrier base. 
The load lock is operable, when engaged with the 
carrier base, to load wafers to and from a process 
environment in a vacuum. 

A removable enclosure is placed over the car- 
rier after the carrier is docked to the load lock, 
typically before processing commences. The en- 
closure is adapted to surround and seal said carrier 
from the ambient environment while the carrier is 
engaged with said platform. The enclosure acts as 
a temporary chamber about the carrier that pre- 
vents the influx of particles to the load lock while a 
carrier is docked thereto; and that also provides an 
environment which may be purged to remove any 
particles trapped within the enclosure. 

The enclosure is especially useful for equaliz- 
ing the pressure differential on the walls of the 
carrier, which are typically formed from lightweight 
materials, such as plastic, and which are not able 
to withstand pressure differentials incurred during 
wafer processing and/or transport without deform- 
ing, or failing altogether. Thus, the enclosure allows 
the carrier to be placed under processing chamber 
pressures while docked to the load lock without 
suffering any damage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic side elevation showing an 
enclosure and a load lock interface in cross 
section according to the present invention; 
Fig. 2 is a schematic side elevation showing in 
cross section an enclosure engaged with a load 
lock interface according to the present invention; 



and 

Fig. 3 is a schematic side elevation showing in 
cross section an enclosure engaged a load lock 
interface, and also showing a cassette of wafers 
5 loaded into a process chamber according to the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

jo The invention can be used with a system 10 

for docking a wafer carrier that contains a cassette 
of wafers directly to the load lock of a processing 
chamber. The system minimizes wafer exposure to 
sources of contamination and reduces wafer han- 

75 dling, thereby improving manufacturing throughput 
and device yield per wafer. In Fig. 1, which is a 
schematic side elevation showing a wafer handling 
system according to the present invention, a SMIF- 
type box 20 is shown positioned above a process- 

20 ing chamber load lock 30. A line 28 having an 
arrow at each end shows a path of engagement 
and disengagement of the SMIF-type box and the 
load lock during system operation. 

The typical SMIF-type box 20 is manually 

25 transported by a handle 22 and contains a cassette 

23 that holds a plurality of semiconductor wafers 

24 in a spaced fashion. The wafers are protected 
from the ambient during transport by a surrounding 
outer surface 21 of the SMIF-type box. The SMIF- 

30 type box is supported on a peripheral base 26 and 
includes an interface 25 that is adapted to dock 
with a complementary interface, usually provided 
by a special SMIF-type box robot assembly. One 
feature of the invention is the provision of a load 

35 lock interface 32 that interfaces the SMIF-type box 
directly to a processing chamber load lock. 

The SMIF-type box may be substituted by any 
type of microenvironmental chamber that is her- 
metically sealed, including those that are main- 

40 tained at atmospheric pressure, or that are placed 
under full or partial vacuum. The SMIF-type box 
shown in Fig. 1 is provided as an example of the 
type of wafer carrier that may be used in practicing 
the invention. The invention is not limited to the 

45 specific SMIF-type box shown. 

The load lock 30 defines an inner volume 35 
that is adapted to receive the cassette 23 during 
wafer loading and unloading, and which is semiper- 
manently attached to a processing apparatus to 

50 and from which a robot loads wafers through a 
wafer pori 37. An indexer 36 is coupled to a 
platform 33 for precision movement of said plat- 
form 33; the platform is adapted to support the 
base of the SMIF-type box, and therefore the cas- 

55 sette 23, such that the cassette may be lowered or 
raised by the indexer 36 to accomplish wafer load- 
ing and unloading through the wafer port 37. A 
bushing 42 seals the indexer such that the integrity 
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of the load lock inner volume 35 is maintained 
during operation of the indexer. 

The SMIF-type box 20 is docked to the load 
lock 30 by complementary engagement of the 
SMIF-type box interface 25 with the interface 32 of 
the load lock. The platform 31 is also configured to 
have edges 39 and 40 that abut load lock edges 34 
and 41 to seal the load lock inner volume 35 when 
the SMIF-type box is not docked to the load lock 
and the upper surface of the load lock is therefore 
exposed to the ambient. The indexer should in- 
clude a brake or locking mechanism, such as a 
pneumatic or hydraulic cylinder, to secure the plat- 
form against movement when the load lock does 
not have a carrier docked thereto. In this way, the 
integrity of the seal provided by the platform may 
be maintained, for example under processing con- 
ditions which would typically expose the upper 
surface of the platform to a large pressure differen- 
tial. 

A bell-shaped enclosure 1 2, defining therein an 
inner volume 16, is provided to surround and seal 
the SMIF-type box from the ambient while the 
SMIF-type box 20 is docked to the load lock 30 for 
wafer loading and unloading. A line 18 having an 
arrow at each end shows a path of engagement 
and disengagement of the enclosure 12 and the 
load lock 30 during system operation. The enclo- 
sure 12 includes a base perimeter edge 14 that is 
adapted to engage with a complementary edge 38 
of the load lock and hermetically seal the interior 
volume 16 defined by the enclosure 12. The seal 
between the enclosure and the load lock may be 
accomplished by any known technique, such as 
the use of a gasket; an O-ring; a threaded, screw, 
or bayonet engagement; a highly machined or 
grooved surface; etc. 

Although a bell-shaped enclosure 12 is shown 
in the figure, for purposes of practicing the inven- 
tion, it is only necessary that the enclosure contain 
the wafer carrier and seal the carrier from the 
ambient while the carrier is docked to the process- 
ing chamber load lock. Thus, the actual shape of 
the enclosure is chosen as appropriate. 

Fig. 2 is a schematic side elevation showing in 
cross section the enclosure 12 engaged with the 
load lock 30 and surrounding a SMIF-type box 20 
according to the present invention. The figure 
shows the SMIF-type box 20 as it appears just 
before or after wafer loading/unloading, i.e. while 
the load lock inner volume 35 is sealed and the 
SMIF-type box is engaged with the load lock plat- 
form 31. For purposes of the discussion herein in 
connection with Fig. 2, it will be assumed that the 
SMIF-type box 20 has just been engaged with the 
load lock 30, and that the enclosure 12 has just 
been placed over the SMIF-type box to seal the 
SMIF-type box from the ambient. 



The load lock 30 may include a pumping or 
purging device (not shown) for establishing and 
maintaining consistent pressure within the volume 
defined by the enclosure 12 while the SMIF-type 

5 box 20 is engaged with the load lock 30. Pumping 
the enclosed inner volume removes particles from 
the enclosed area that may have become trapped 
therein when the enclosure was placed around the 
SMIF-type box, or that may have been picked up 

70 by the SMIF-type box during transport, etc. Ac- 
cordingly, if the inner volume of the enclosure is 
pumped in connection with the invention, such 
pumping should take place after the enclosure is 
secured to and in sealed engagement with the load 

75 lock and before the SMIF-type box is opened to 
lower the cassette of wafers into the load lock 
volume. 

It has been found that it is also important to 
mitigate the pressure differential within and without 

20 said carrier that results from pump down attendant 
with wafer loading because most SMIF-type boxes 
are made of lightweight plastic materials that are 
not able to withstand the processing pressures 
typically found in a processing chamber. If a stan- 

25 dard SMIF-type box were interfaced directly to a 
load lock and the cassette of wafers drawn there- 
from without such pressure equalization, the result- 
ing pressure differential, between that of the pro- 
cessing chamber and that of the ambient, on the 

30 walls of the SMIF-type box would cause the shape 
of SMIF-type box to become distorted, and thus 
impair its ability to maintain a seal at its base. As a 
result, the integrity of the wafer processing system 
would be breached. Worse yet, it is possible that 

35 the SMIF-type box could fail entirely, e.g. it could 
shatter, thereby damaging an expensive load of 
wafers, and possibly damaging the processing 
chamber. 

Thus, an important function of the enclosure is 

40 to provide a rigid, airtight chamber that surrounds 
the SMIF-type box during varying conditions of 
pressure and that functions in concert with the load 
lock to maintain a pressure equilibrium on the inner 
and outer surfaces of the SMIF-box walls. Accord- 

45 ingly, the enclosure is preferably vented to the load 
lock and/or coupled to a pumping system through 
a vent or port 45 which may be formed in the 
upper surface of the load lock 30, such that the 
pressures within the load lock and the enclosure 

so are equalized during wafer loading and unloading. 
Additionally, the port 45 may be used to purge the 
enclosure prior to wafer loading or unloading to 
remove any particles that may have been trapped 
within the enclosure, at the base of the SMIF-type 

55 box, or on the surface of the platform. 

Other venting, purging, and pumping tech- 
niques may be used with the invention. For exam- 
ple the enclosure may be fitted with a pressure 
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conduit and thereby coupled to a pump, or wafer 
port 37 may be used as a pumping and/or venting 
port, etc. Such other pumping and venting 
schemes are well known in the art and are there- 
fore not shown in the figures. 

The enclosure must be made of a material that 
is strong enough to withstand the varying pres- 
sures encountered within the processing chamber 
(i.e. pressure differentials that result from the inter- 
nal vacuum of the processing chamber), that is 
process inert (i.e. that will not be affected by 
residual processing gases, etc.), and that does not 
generate particles, for example by shedding or 
flaking (i.e. that will not generate particles that may 
become a source of wafer contamination). Such 
materials, which are well known, may be selected 
as appropriate and may include, for example alu- 
minum, stainless steel, or ceramic materials. 

The preferred embodiment of the invention 
therefore provides a wafer handling system in 
which a SMIF-type box is docked to a processing 
chamber load lock that has an interface adapted to 
engage with that of the SMIF-type box. An enclo- 
sure is placed over the SMIF-type box and en- 
gaged with the load lock to seal the inner volume 
of the enclosure from the ambient, and thereby 
seal the SMIF-type box from the ambient during 
wafer loading and unloading. The enclosure may 
be purged before wafer loading/unloading is com- 
menced. The SMIF-type box is then opened and 
the cassette of wafers is drawn from the SMIF-type 
box During the time that the SMIF-type box is 
opened or sealed, the enclosure is preferably 
pumped or vented to equalize the pressure on the 
walls of the SMIF-type box. The cassette is then 
moved in an indexed fashion such that individual 
wafers may be precisely loaded to or from the 
cassette by a processing chamber robot (not 
shown). . 

Fig. 3 is a schematic side elevation showing in 
cross section a cassette 23 of wafers 24 loaded 
into the chamber 35 of the load lock 30 according 
to the present invention. In the figure, a cassette 23 
is raised or lowered by the indexer 36, as indicated 
by a line 50 having an arrow at each end which 
shows the direction of indexer movement, to align 
individual wafers with the wafer port 37, such that 
the wafers may be passed through the port 37 by 
operation of a processing chamber robot. The cas- 
sette 23 includes a base portion 52 that is engaged 
with or rests upon a load lock platform support 33. 
Actual withdrawal of the cassette from the SMIF- 
type box for wafer loading/unloading may be ac- 
complished by any acceptable method, for exam- 
ple a pressure differential may be provided at the 
base of the SMIF-type box, such that the base and 
cassette of wafers is pulled from the SMIF-type 
box, or the base of the SMIF-type box may be 



mechanically engaged with the load lock platform 
and/or platform support, etc. 

Although the invention is described herein with 
reference to the preferred embodiment, one skilled 

5 in the art will readily appreciate that other applica- 
tions may be substituted for those set forth herein 
without departing from the spirit and scope of the 
present invention. For example, although the em- 
bodiment of the invention depicted herein shows a 

w SMIF-type box in which the cassette carries a load 
of wafers in a horizontal plane, and in which the 
cassette is received at the top of a load lock, the 
invention is readily applicable to wafer carriers in 
which a cassette of wafers is loaded in a vertical 

75 plane; and further may be applied to load locks in 
which wafers are received at a side or bottom 
portion of the load lock. Additionally, the invention 
may be provided at a central load lock location 
from which a robot serves several processing pods 

20 or locations. 

Claims 

1. Apparatus for loading wafers situated within a 
25 carrier to and from a process environment, 

comprising: 

a load lock (30), including a platform (31) 
arranged for complementary engagement with 
a base portion (25) of a carrier (20) containing 

30 a plurality of wafers (24) and operable, when 

engaged with said carrier base (25), to load 
any of said wafers (24) between said carrier 
(20) and a process environment; and 

a removable enclosure (12) adapted to 

35 surround and seal said carrier (20) from the 

ambient environment while said carrier (20) is 
engaged with said platform (31). 

2. The apparatus of claim 1 , 

40 wherein said carrier (20) supports a plurality of 

said wafers (24) in a stack. 

3. The apparatus of claim 1 or 2, 

wherein said carrier (20) provides a sealed 
45 microenvironment. 

4. The apparatus of any of claims 1 to 3, 
wherein said carrier (20) is a SMIF-type box. 

so 5. The apparatus of any of claims 1 to 4, 
said load lock (30) further comprising: 

a wafer port (37) through which individual 
wafers may be passed between said load lock 
(30) and said process environment. 

55 

6. The apparatus of claim 5, 
further comprising: 

an indexer (36) for moving said platform 
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(31) with respect to said wafer port (37) while 
loading wafers (24) to and from said process 
environment. 

7. An apparatus for maintaining a sealed environ- 5 
ment about a wafer carrier (20) bearing a plu- 
rality of wafers (24) while said carrier (20) is 
engaged with a process chamber load lock 
(30), comprising: 

a removable enclosure (12) adapted to 10 
surround and seal said carrier (20) to said load 
lock (30) and from the ambient environment. 

8. The apparatus of claim 7, 

wherein said enclosure (12) is bell-shaped to 75 
define an interior volume (16) sufficient to en- 
close said wafer carrier (20). 

9. The apparatus of claim 7 or 8, 

said enclosure further comprising: 20 

a base perimeter edge (26) adapted to 
engage with said load lock (30) and hermeti- 
cally seal an interior volume (16) defined by 
said enclosure (12). 

25 

10. The apparatus of any of claims 7 to 9, 
further comprising: 

means for establishing and maintaining 
consistent pressure within said enclosure (12) 
while said carrier (20) is engaged with said 30 
load lock (30), thereby mitigating a pressure 
differential within and without said carrier (20) 
during wafer loading and/or unloading. 

11. The apparatus of claim 7, 35 
wherein said carrier (20) provides a sealed 
microenvironment. 

12. The apparatus of any of claims 7 to 1 1 , 

wherein said carrier (20) is a SMIF-type box. 40 

13. A load lock for a microenvironment wafer car- 
rier, comprising:. 

a platform (31) arranged for complemen- 
tary engagement with a carrier base (26) and 45 
operable, when engaged with said carrier (20) 
at a base thereof, to load wafers (24) to and 
from a process environment; 

a removable enclosure (12) having a base 
perimeter edge (14) adapted to engage with 50 
said load lock (30) and hermetically seal an 
interior volume (16) defined by said enclosure 
(12), and thereby surround and seal said car- 
rier (20) from the ambient environment while 
said carrier (20) is engaged with said platform 55 
(31); 

an indexer (36) for moving said platform 
(31) while loading wafers (24) to and from said 



process environment; and 

a wafer port (37) through which individual 
wafers (24) may be passed between said load 
lock (30) and said process environment. 

14. The apparatus of claim 13, 

wherein said enclosure (12) is shaped to define 
a minimum interior volume (16) sufficient to 
enclose said wafer carrier (20). 

15. The apparatus of claim 13 or 14, 

wherein said carrier (20) is a SMIF-type box. 

16. The apparatus of any of claims 13 to 15, 
further comprising: 

means for establishing and maintaining 
consistent pressure within said enclosure (12) 
while said carrier (20) is engaged with said 
load lock (30), thereby mitigating a pressure 
differential within and without said carrier (20) 
during wafer loading and/or unloading. 

17. The apparatus of any of claims 13 to 16, 
wherein said platform (31) is adapted to re- 
ceive a carrier (20) having a base portion that 
is oriented horizontally. 

1a The apparatus of any of claims 13 to 16, 

wherein said platform (31) is adapted to re- 
ceive a carrier (20) having a base portion that 
is oriented vertically. 

19. A method for maintaining a sealed environment 
about a wafer carrier (20) while said carrier 
(20) is engaged with a process chamber load 
lock (30), 

comprising the steps of : 

surrounding and hermetically sealing said 
carrier (20) from the ambient environment with 
a removable enclosure (12) having a base pe- 
rimeter edge (14) adapted to engage with and 
seal said load lock (30). 

20. The method of claim 19, 
further comprising the steps of: 

establishing and maintaining consistent 
pressure within said enclosure (12) while said 
carrier (20) is engaged with said load lock (30), 
thereby mitigating a pressure differential within 
and without said carrier (20) during wafer load- 
ing and/or unloading. 

21. A method for loading wafers situated within a 
microenvironment wafer carrier to and from a 
process environment, 

comprising the steps of: 

engaging said carrier (20) with a platform 
(31) of a load lock (30) arranged for com- 
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plementary engagement with a carrier base 
and operable, when engaged with said carrier 
at a base thereof, to load wafers (24) to and 
from a process environment; 

surrounding said carrier (20) with a remov- 5 
able enclosure (12) having a base perimeter 
edge (14) adapted to engage with said load 
lock (30) and hermetically seal an interior vol- 
ume (16) defined by said enclosure (12), and 
thereby surround and seal said carrier (20) 70 
from the ambient environment while said car- 
rier (20) is engaged with said platform (31); 

moving said platform (31) to load wafers 
(24) to and from said process environment; 
and 15 

passing individual wafers (24) through a 
wafer port (37) between said load lock (30) and 
said process environment. 

22. The method of claim 21, 2 o 
wherein said carrier (20) is a SMIF-type box. 

23. The method of claim 21 or 22, 
further comprising the steps of: 

establishing and maintaining consistent 25 
pressure within said enclosure (12) while said 
carrier (20) is engaged with said load lock (30), 
thereby mitigating a pressure differential within 
and without said carrier (20) during wafer load- 
ing and/or unloading. 30 

24. A substrate loading apparatus comprising: 

a load lock chamber (35) juxtaposed to a 
processing chamber, a carrier (20) removably 
attachable to said load lock chamber (35) and 35 
containing a cassette (23) bearing a plurality of 
substrates and insertable from said carrier (20) 
into said load lock chamber (35) for selective 
insertion of said substrates therefrom into said 
processing chamber, and 40 

a removable enclosure (12) that surrounds 
said carrier (20) attached to said load lock (30) 
and that seals to said load lock (30) to thereby 
protect said carrier (20) from the ambient while 
said cassette (23) is inserted into said load 45 
lock (30). 

25. The apparatus of claim 24, 
further comprising: 

a vacuum port (45) connecting said load 50 
lock (30) to an interior (16) of said enclosure 
(12) attached to said load lock (30). 

26. The apparatus of claim 24, 

further comprising: 55 
a vacuum port penetrating a wall of said enclo- 
sure (12). 
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